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(71) We, COMMISSARIAT A 
L*BNERGIE ATOMIQUE, an organisation 
created in France by ordinance No. 45- 
2563, of 18th October 1945, of 29 rue de la 
Federation, Paris, 15e, France, do hereby 
declare the invention, for which we pray 
that a patent mav be granted to us, and the 
method by which it is to be performed, to 
be particularly, described in and by the 
foUowinjg statement — 

This invention relates to a cell for the 
conUnuous electrolysis of steam at high 
temperature, especially for the production 
of hydrogen gas. 

As is already known, hydrogen 
requirements are of considerable 
maaoUude. 

industry and also ^^i^ 

- applicatioas such as the direct reduction of 
iron ore. In point of fact, practically the 
entire quantity of the hydrogen emplc^d 
for such purposes is at present obtained by 
reforming of natural gas. At a time of rising 
prices of this raw material, the methods 
mvoMng electrolytic dissociation of water 
would be of major interest if it' were 
possible to achieve a considerable increase 
m power efficiency from its present value of 
the order of 50% to a maximum of 80% or 
more. Althou^ conventional techniques 
for the electrolysis of water in the Hquid 
state appear to be limited in this respect, 
calculation and experience have shown that 
it is actually a completely different matter 
when methods are employed for the 
electrolysis of steam at hign temperature of 
the order of 800X to 1000*C in electrolytic 
cells in which the electrolyte consists of an 
oxide in solid form which has the property 
of conducting the electric current by means 
of tiie anions of its crystal lattice. 
In a number of practical designs of cells 



of this type which have been known up to 
the present time, the electrolyte is placed 
between two electronic conductors or 
electrodes which perform respectively the 
function of cathoae and anode, these latter 
being enclosed within isolated 
compartments in which the h^rdrogen and 
the oxygen produced by dissociation of the 
steam are collected. In these known 
designs, however, the efficiency obtained is 
still of a low order by reason of the 
overvoltages at the electrodes and the 
voltage cfiop resulting from the internal 
ohmic resistance of the cell. Moreover, 
problems arise when connecting these 
electrodes to the current supply and also 

; :tias-^^^t^tiiMf»^^?^2h • 
v/ithstahding only a lim -density 
and consequentiy of producing only a 
limited output of gas. 

Finally, in these designs which are known 
at the present time, further problems of a 
technological order arise in the 
manufacture of an electrolyte of material 
ha\dng high electrical conductivity which 
does not give rise in addition to oxidation- 
reduction reactions with the products of 
electrolysis. The electrolyte must also have 
satisfactory mechanical properties at high 
temperature and must especially be capable 
of withstanding thermal cycling and shocks 
as well as temperature gradients. 
Furthermore, said electrolyte must be 
thermally stable and impermeable to gases, 
especially to hydrogen m spite of the very 
high diflusivity of said gas. Moreover, the 
electrodes employed in the cell must ensure 
excellent current drainage while also 
having high electrical conductivity as well 
as excellent properties of adhesion with 
respect to the electrolyte. In particular, said 
electrodes must have a coefficient of 
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expansion which differs only to a slight 
extent from that of the electrolyte and 
finally must be chemically compatible with 
the gases produced by the electrolytic 

5 process. 

All these conditions are combined to a 
very imperfect extent in designs which are 
known at the present time anaresult'in cells 
which have low efficiency while entailing 

10 considerable capital outlay by reason of 
their generally prohibitive space 
requirements and leading in the final 
analysis to unacceptable operating costs. 
This invention is directed to a cell for the 

15 electrolysis of steam at high temperature 
which makes it possible on the contrary to 
produce a particularly high power 
efficiency with a technological design 
concept which limits the overall size of the 

20 cell without thereby entailing excessive 
c^mital costs. 

To this end, the cell under consideration 
comprises a structure consisting of 
superposed £Qm-layeis with at least two 

25 metallic elements insulated from each other 
for the supply of current respectively to a 
cathode and to an anode and is 
distinguished by the fact that the cathode is 
formed by a substrate of a porous ceramic- 

30 metal composite or cermet to which is 
applied directly or indirectly a film of solid 
electrolyte constituted by a mixture of 
refractory oxides in solid solution, said film 
of electrolyte being in turn coated with a 

35 porous deposit constituting the anode, 
current ch'ainage between the metallic 
elements and the cathode and the anode 
being ; obtained on each side:of .the ^lid 

40.. . ccw3uctiye:;s^^ 

. The invention is thus primarily directed 
to the construction of a cell having the 
appearance of a laminated structure in 
which the solid electrolyte film-layer is in 

45 internal contact on the one hand with a 
cathodic substrate and on the other hand 
with an anodic film layer having open 
porosities which promote gaseous 
exchanges while limiting ohmic voltage 

50 drops. Preferably there is incorporated in 
the substrate, the electrolyte and the anodic 
film layer a refractor;^ oxide which is 
stabilized by a second oxide, said mixture of 
oxides being completed by suitable 

55 additions in the case of both ttie cathode 
and the anode. The use of a material of this 
type offers an advantage in that it is not 
conducive to parasitic reactions with the 
products of electrolysis while additionally 

60 exhibiting high electron conductivity. 
Drainage of current between the cathode 
and the anode and respectively the current 
supply elements by means of conductive 
sponges achieves a significant reduction of 

65 resistive losses at the connections while 



improving the power efficiency of the cell 
to a corresponding extent, said sponges 
being intended to ensure a permanent 
electrical contact with the metallic current 
supply elements. 70 

To this end and in accordance with 
various secondaiv characteristic features of 
the invention which are preferably to be 
considered in combination but may be 
considered separately if necessary, the cell '5 
can advantageously utilize the following 
arrangements: 

the mixture of refractory oxides of the 
solid electrolyte is formed by dissoWing a 
substance selected from calcium oxide, 
yttrium oxide, cerium oxide or a rare-earth 
oxide in zirconium dioxide (ZrO]). In a 
particular embodiment, the oxide mixture 
corresponds to the formula: 



[xZrO,, (1-x) CaOJ. 



85 



with 0.85<x<0.88, 

The mixture of oxides receives an addidon 
of nickel in order to form the porous 
cermet of ie cathode. 

The anode is formed by a mature of 90 
oxides containing stannic oxide, indium 
oxide or antimony oxide. By way of 
alternative, the anode is constituted by a 
layer of silicon carbide containing platinum 
group metals such as platinum, palladium 95 
or ruthenium. 

The metallic current-drainage sponges 
are formed by means of an alloy having a 
base of nickel and chromium which is 
suitably divided. 100 

te a Ifrst embodiment of the invention, 

b^^^v^^uti6ii in':^^ 

which is closed at one end and is provided 
from the axis towards the periphery with an 105 
open central metallic tube which serves to 
supply current to the cathode and through 
which is introduced the steam to be 
electrolyzed, a first thickness of metallic 
sponge placed against the external surface 110 
of the central tube and extending beneath 
the extremity of said tube, an inner glove 
finger of porous cermet, one face of which 
IS applied against the first thickness of 
metallic sponge and the opposite face of 115 
which is coated with a film of solid 
electrolyte, said film being in turn coated 
externculy with a porous deposit which 
constitutes the anode, a second thickness of 
metallic sponge ^plied against the anode 120 
and finally an outer metallic casing tube in 
the form of a glove finger for supplymg 
current to the anode. 

The space formed between the central 
tube and the outer casing tube is 125 

Ereferably divided into two compartments 
y means of a coaxial collar having two 
parallel shouldered portions rigidly fixed 
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respectively to two flanges formed oo the 
tube and the casing with interposition of a 
seal, said collar being such as to form an 
extension of the inner glove finger of 

5 porous cermet which forms the cathode by 
means of a metallic bellows seal, the 
compartments being intended to 
communicate respectively with two pipes 
for the discharge of hydrogen and oxygen 

10 produced by electrolysis of the steam. 

The central tube is advantageously 
associated at the open end thereof within 
the ceil with a spacer member of refractorv 
material for centering said tube with 

15 respect to the glove finger of porous 
cermet. 

In another alternative embodiment, the 
cell comprises a stack of unitary ceils 
mounted between two parallel metallic 

20 current-supply plates. Each unitary cell 
comprises successively a first thickness of 
metallic sponge, a porous film layer 
constituting the cathode in contact with a 
film of electrolyte which is in turn coated 

25 with a porous deposit forming the anode, a 
second thickness of metallic sponge and a 
conductive plate, the lateral spaces located 
on each sloe of the cathode and of the 
anode being so arranged as to constitute on 

30 one side a collector for supplying the steam 
and on the other side discharge collectors 
for the hydrogen and the oxygen produced 
the metsulic sponge layers ensuring good 
electrical connection with the current feed 

35 pieces. 

In another embodiment, the porous 
substrate ;pft^^^ 

40. compartments are delimited by 
substantially prismatic internal spaces of 
elongated shape which extend through the 
structure, the walls of said compartments 
being coated with a Fdm of conductive 

4S metal having a constant thickness. As an 
advantageous feature, said support block 
has a honeycomb structure or the like and 
said compartments can have a cross-section 
which is hexagonal, square or of any other 

50 desired shape. Depending on reqmrements, 
the support block is in contact with the 
solid electrolyte film layer bv means of a 
coating of porous metal which seals-ofT the 
ends of the compartments. AUematively, 

55 the connection between the solid 
electrolyte and the film of the wall of the 
compartments is formed by a fineraesh wire 
fabnc element placed against a contact face 
of the support block and embedded in a 

60 thin layer of porous metal. 

Depending on requirements, the porous 
ceramic support block of the cathode is 
formed of refractory material of the t;n>e 
consisting of stabilized zirconium oxide, 



magnesium aluminate (spinel) or natural ^5 
aluminum silicate (muiiite) and has a 
thickness of approximately 3 to 5 mm, the 
film formed on the walls of the 
compartments of the block being of nickel 
having a thickness of about 0.1 mm. 70 

As an advantageous feature, the 
collectors of the cell are insulated at the 
level of the porous fJm layer of the cathode 
by means of an annular Insulatinp plate, 
liie cathode is maintained in position by 75 
means of a m^iic bellows seal which is in 
turn connected to a metallic ring. By way of 
alternative, the porous support block of the 
catiiode has a recessed central zone and a 
solid or nonporous peripheral zone which 80 
directly ensures leafe-tightness of the cell 
collectors. 

The conductive sponees can be 
constituted by an interlaced assembly of 
thin resilient wires which form a spring and 85 
ensure a satisfactory electrical contact 
between current supply leads and 
electrodes. 

Said sponges are consequently formed of 
materials which have good electrical 90 
conductivity, which offer satisfactory 
characteristics of elasticity at the utilization 
temperature in the vicinity of 900**C, and 
which afford resistance to corrosion by 
oxygen, hydrogen and steam. The structure 95 
of Uiese sponges must also be sufficiently 
aerated to introduce only a minimum 
pressure drop in the case of the gases which 
circulate through these latter. 

In order to fabricate sponges of this type, 100 
there can preferably be chosen refractory 
alio j;s hayit^ a. bas^ :f49Kv 

■ ^^^^i'cSiii^^^^^^-o 
SUcbn carbide? ' ' 1 05 

llius, the known alloys sold under the 
Registered Trade Marks "Inconel" (Ni-Cr- 
Fe), "Incolo/* (Ni-Cr-Fe), "Nimonic" (Ni- 
Cr-Co) or *tJS30" steel may suitably be 
employed in the fdnication of said spoiiges. 1 10 
These latter can also be formed of 
molybdenum silicide. 

Finally, it is possible in the stack system 
to make profitable use of the flat structure 
of the cell elements in order to incorporate 1 1 5 
blade springs or coil springs in these 
sponges so as to ensure that these latter are 
more effectively applied against oppositcly- 

FSrtSerpropcrties of an electrolytic cell 1 20 
as constructed in accordance with the 
invention will become apparent from the 
following description of two exemplified 
embodiments mich are given by way of 
indication without any limitation being 125 
implied, reference being made to the 
accompanying drawings, wherein: 

Figure I is a diagrammatic axial sectional 
view of an electrolytic cell in accordance 
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with a first embodiment of the invention in 
which the geometry is that of a glove finger 
of revolution about an axis; 

Figure 2 is a sectional view of an 
ahernative embodiment consisting of a 
structure in the form of superposed flat 
layers; 

Figure 3 illustrates a particular 
embodiment of the porous cermet substrate 
of the cathode; 

Figures 4 and 5 show two alternative 
forms of construction of the support block 
which is employed for the formation of said 
substrate; 

F^ure 6 illustrates the use of another 
embodiment; 

Figure 7 is a sectional view of a further 
alternative embodiment 

As shown in Figure I, the cell under 
consideration has the general shape of a 
^ove finger having a diameter of the order 
of 3 cm and a length in the vicinity of 100 
cm. This cell comprises a centnd metal tube 
2 formed especially of copper and open at 
that end which penetrates mto the interior 
of the cell. Said tube is intended on the one 
hand to serve as a current supply terminal 
and on the other iiand as a pipe for the 
introduction of the high-temperature steam 
to be electrolysed. Said tube 2 is provided 
externally of the active portion of the cell 
described hereinafter with a transverse 
shouldered portion 3 and is placed in 
coaxial relation with an outer casmg tube 4 
having a closed bottom portion 5. Said 
metal tube 4 is usually formed of copper 
pro\jded the same internal prptecSye 

Ihcoae^and also a transverse end fiange 
6 which is parallel to the shouldered portion 
3. There is mounted between these two 
flanges a sealing collar 7 which isolates the 
internal region of the cell from the exterior 
and is provided with two flanges 8 and 9 
respectively which are capable of 
cooperating with the shouldered portion 
and the flanges 3 and 6 of the tubes 2 and 4 
and between which are clamped seals 10 
and 11. The collar 7 forms a separation 
between the tubes 2 and 4 for two coaxial 
compartments 12 and 13 respectively which 
perform the function of gas collectors, in 
particular for the hydrogen and oxygen 
derived from electrolytic dissociation of the 
steam, these gases being discharged from 
said compartments through pipes 14 and 15. 
Electric current is su{)phea to the cell by 
means of two connecting terminals 16 and 
17 respectively which are connected to the 
negative pole and to the positive pole of a 
direct-current voltajge supply (not shown), 
the terminal 16 being rigidly fixed to the 
tube 2 externally of the cell and the 



terminal 17 being rigidly fixed to the casing 55 
tube 4 by means of the pipe 15, 

The electrolytic cell proper is then 
formed by a superposed assembly of thin 
film layers mounted between the tubes 2 
and 4. From the tube 2 to the tube 4, said 70 
cell thus comprises a first thickness 18 of a 
metallic sponge constituted by a suitably 
divided refractory alloy having a base in 
particular of nickel and chromium, said 
thickness 18 being intended to be applied 75 
against the external surface of the tube 2 so 
as to establish a good electrical contact with 
this latter and to project to a short distance 
beneath the extremity of said tube. Said 
first thickness 1 8 is surrounded by a layer 19 80 
of a porous cermet having the shape of a 
glove finger which extends parallel to the 
wall of the tube 4, especially to the lower 
end 5, and forms an extension of the collar 
7 withb the space located between the 85 
tubes 2 and 4. Said layer 19 of porous 
cermet is preferablv formed by a mixture of 
nickel and a mixed oxide of calcium (CaO) 
and of zirconium (ZrO^) and constitutes the 
cathode of the cell. The external surface of 90 
said layer 19 carries a film 20 of a solid 
electrolyte formed in the example of 
construction under consideration by the 
same dissolution of calcium oxide in 
proportions such that the calcium oxide 95 
represents between 12 and 15% of the 
nuxture. The anode 21 of the cell is then 
deposited against said film 20 of electrolyte 
which has a thickness in particular of the 
order of 100 microns, in the form of a thin 100 
and porous coati^g of another cermet 
^:in^ by^^^d F?^^'^^ 

antinw>ny oxide do]^ with s^ 105 
Finally, the anodic fDm layer 21 is in turn 
covered with a second thickness of metallic 
sponge 22 which is of the same type as the 
thickness 18, that is, which is formed by an 
alloy of nickel and chromium, this second 1 10 
thickness 22 b^ng in intimate contact with 
the internal surface of the casmg tube 4 
which supplies current to the anode. The 
different layers of the cell are centered 
relative to each other by means of an 115 
alumina spacer member 23 mount^ at the 
lower end of the central tube 2, leak- 
tfehtness between the cathode compartment 
12 and anode compartment l5 being 
ensured between the extremity of the collar 1 20 
7 and the layer 19 of porous cermet by 
means of a metallic bellows seal 24 formed 
especially of the material sold under the 
Registered Trade Mark Inconel. 

In another alternative embodiment P5 
which is illustrated in Fi^re 2, the 
electrolytic cell under consideration as 
generally designated by the reference 30 
has a structure consisting of flat layers and 
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formed by a stack of superposed unitaiy 
cell5< Said cell comprises two metallic front 
plates 31 and 32 which are usually formed 
of the mateiial Inconel and serve to supply 
current to the cell, said plates bemg 
provided for this purpose with two 
terminals 33 and 34 for establishing a 
connection with a suitable direct-current 
voltage supply. A first thickness 35 of a 
metallic sponge is placed against the central 
portion of the front plate 31 and a layer 36 
of a porous cermet which constitutes the 
cath(xie is placed against said thickness 35. 
Said layer 36 is covered on its opposite 
surface with a thin deposit 37 of a solid 
electrolyte and this latter is in turn coated 
with a porous thin film 38 which constitutes 
the anode. Finally, the anode itself is in 
contact with a second thickness 39 of a 
metallic sponge which has the same 
composition as the first thickness 35 and is 
in turn applied against a conductive plate 
40. Said conducUve plate 40 serves to 
supply the double-polarity current as in a 
conventional series circuit. The material 
employed must be compatible with the two 
gases produced and may accordingly 
consist of Incoael, for example. Preferably, 
the materials constituting on the one hand 
the anode, the cathode and the electrolyte 
and on the other hand the metallic sponges 
for drainage of the current are identical 
with those contemplated in the first 
alternative embodiment which was 
described with reference to Figure 1. 

The elements 35 to 40 constitute a 
unitary cell in the stack and the series 
connection of a : giyen number of said 
u^jb^^^iQeJj^^ 
:px>ducdoiQ ?ai^ 
adapted' to* tiiedearcdouQ^ 
to be electrolyzed is introduced into each 
unitary cell by means of an intake collector 
41 connected to a duct 42 and located 
opposite to the thickness 35 of the metallic 
sponge. The gaseous products, especially 
hydrogen and oxygen, are discharged at the 
end remote from the collector 41 through 
two further collectors 43 and 44 by means 
of discharge ducts 45 and 46. Leak- 
tightness at the level of the layer 36 of 
porous cermet is ensured by means of an 
insulating plate 47 and a metallic plate 49 
which forms a separation between the 
collectors 43 and 44, the connection 
between said plate 4$ and the layer 36 being 
established by means of a bellows seal 48 <tt 
nickel. 

In either of the two alternative 
embfodiments described in the foregoing, a 
major requirement for satisfactory 
operation of the cell consists in the 
possibility of discharging the gases 
produced at the electrodes as a result of 
electrolysis while also establishing the most 



intimate and reliable metallurgical bond 
between these electrodes and the solid 
layer of electrolyte. 

To this end, the porous cermet substrate 
of the cathode is sudvantageously desij^ned 70 
in the form of a recessed support having a 
compartmented structure of tne 
honeycomb type or the like in which the 
cross-section of each compartment can be 
hexagonal, square or of any other desired 75 
shape. Adjacent compartments extend 
through the structure in a preferential 
direction which is parallel from one 
compartment to the next and usually 

Eerpendicular to two parallel faces of the 80 
lock, one face of which is in contact with 
the solid electrolyte layer. The porosity of a 
compartmented structure of this type which 
is measured by the ratio of the solid 
portions to the vacant portions of the 85 
substrate can accordingly oe considerably 
increased and in particular be made 
considerably greater than that of a porous 
cermet support obtained by powder 
assembly, under these conditions, the 90 
hydrogen produced by electrolysis and 
collected at the cathode can be eliminated 
without any difficulty by permitting 
considerably enhanced effidency of the 
cell. 95 

Figure 3 illustrates a first alternative 
design of a support block of this type as 
generally designated by the reference 52 
and constituted by a porous ceramic 53 
which is preferably of stabilized zirconia, of 100 
spinel or of mullite having a thickness of 3 
ta5,mm. The block 52 is made of an array 
of nflbyceiit compartments 54 of substantial 

receded ^structure?;^^ 105 
of theliydrogcn produced as a result of the 
electrolytic process at the end 
corresponding to the cathode of the cell. 
The walls of the compartments are 
provided with a thin metallic coating 55 1 10 
constituting the cathode pro|>er and 
preferably formed of nickel deposited to a 
depth of the order of 0.1 mm by means of 
any known method which is suited to the 
composition of the ceramic, especially by 1(5 
spray-coating, vacuum evaporation, 
Oiffusion, electrolysis or chemic^ reaction 
from a vapor phase, especially from 
carbonyl nickel 

It is readily apparent that the porous 120 
support block 52 is provided with adjacent 
compartments 54 having a cross-section 
selected from a wide range of alternative 
configurations which is dependent in 
particular on the method of fabrication 125 
employed, the only essential requirements 
being to produce a very high void 
coe^cient across the compartmented 
structure. As illustrated in Figures 4 and 5 
respectively, said compartments 54 can 130 
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have a cross-section of square or triangular 
shape but these latter are given solelv by 
VfBy of non-limitative example. One of the 
faces of the block 52 which tonns a support 
5 for the cathode is in contact with a film 
layer 56 of low resistivity having a 
maximum thickness of the order of 100 
microns and consisting of a suitable soHd 
electrolyte and provided on its opposite 

10 face with a coating 57 which forms an 
anodic film la^^er; this small thickness of 
film layer facilitates the appearance of 
triple points in that surface which is in 
contact with the porous nickel coating 

15 deposited on the support block* said points 
bemg essential to the occurrence of the 
electrochemical reaction. There appear 
simultaneously at said triple points a zone 
of evolution of the hydrogen gas and a point 

20 of encounter between the layer of solid 
electrolyte and the electric current 
conducted by the nickel coating layer. The 
connection between the support block 52 of 
cellular or compartmenteo structure and 

25 the film layer 56 of solid electrolyte is 
established by means of a porous metallic 
plug 58 formed especially of . nickel and 
deposited to a depth of 0.5 to 1 mm on the 
corresponding face of said support block 

30 52. This deposit can be formed on the 
cellular support block 52 by any known 
method and especially by electrophoresis, 
by reactive evaporation from metal salts 
corresponding to the composition of the 

35 electrolyte layer under a preissure of a few 
torr, or by reactive vacuum sputtering from 
an alloy of said metals. 
By ^yay of alternative and as illustrated in 

40 mesh vwirev 

• improves its mechanical stability and its 
cohesion with the layer 56 of electrolyte. 
Said wire fabric element is placed against a 
contact face of the block 52 and embedded 

45 in a thin layer of porous nickd. 

If so required, the porous support block 
52 can be mbricated (as illustrated in Figure 
7) so as to have a recessed central zone 60 
and a flat peripheral zone 61 . This structure 

50 has a special advantage for ensuring leak- 
tighness between compartments in the case 
of an electrolytic cell constructed in 
accordance with the embodiment shown in 
Figure 2 and formed by the superposed 

55 assembly of flat adjacent elements arranged 
in pairs so as to define separate 
compartments provided respectivclv on the 
one hand for admitting steam and on the 
other hand for dischaiiging the oxygen and 

to hydrogen which are produced. The 
construction of the support block 52 can 
make use of any known fabrication 
technique which is conventional in powder 
metallurgy such as machining, spraviag, 

05 extrusion, molding and so forth. Simiiarly, 



the deposition of a nickel coating on the 
honeycomb-type compartments such as the 
layer formed on the contact face of the 
support block can be obtained by chemical 
deposition in solution, spraying, 70 
electrolysis, vacuum evaporation or by 
reaction from a vapor phase which can in 
this case be carfaonyl mckel. 

The film layer 56 is deposited as in the 
previous examples in the form of a mixture 75 
of refractory oxides, especially calcium 
oxide and zirconium oxide. However, the 
calcium oxide can be partly or entirely 
replaced in predetermined proportions by 
yttrium oxide, cerium oxide or a rare earth 80 
or rare-earth oxide. Similarly, the anodic 
film layer 57 is also formed from a mixture 
of oxides containing tin, indium or 
antimony with possible inclusion of 
platinum group metals such as platinum, 85 
palladium or ruthenium added by spray- 
coating so as to ensure better mechanical 
cohesion without limiting the porosity of 
the anode. By way of alternative, said 
anodic film layer can be formed of silicon 90 
carbide. 

The methods employed for forming the 
anodic film layer can consist in • known 
manner either in deposition of powders 
from a solution by settling followed by 95 
drying, coagulation by heating and surface 
metallizing or by reactive evaporation from 
salts of the corresponding metals under a 
pressure of a few torr or by reactive 
vacuum sputtering from an alloy of these 100 
metals. 

Whatever embodiment may be adopted, 
the cell in accordance with the. invention 

"'sS^aln^Jcrt^"^ ' |'05 

particularly high power cohsumption 
efficiency which is appreciably higher than 
that produced by means of designs which 
are at present known. This increase in 
efficiency is due in particular to the 110 
drainage of electric current between the 
elements for supplying current to the cell 
and the cathode and the anode said current 
drainage is performed by the conductive 
sponge layers and limits overvoltages at the 1 1 5 
electrodes to a considerable extent. Said 
sponge layers also exhibit very low 
electncal resistivity and introduce only a 
limited voltage drop in the operation of the 
cell. In the case or a high current density 120 
which can attain or even exceed 1 A/cm^, 
said voltage drop does not exceed 150 
millivolts. 

It can be mentioned b^r way of indication 
that cells of this type which have a unitary (25 
surface area of the order of 400 cm^ and 
associated in a bank of 400«000 cells would 
make it possible to obtain a production of 
hydrogen of the order of 2xlOVm' per day 
under normal conditions of temperature 130 
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and pressure. This corresponds to a 
production of 5 per 24 hours and per cell 
representing an acceptable investment and 
particularly favorable operating costs for a 
5 power coosumption efficieacy of 80%. 

WHAT WB CLAIM IS:— 
L A cell for the electrolysis of steam at 
hi^ temperature, comprising a structure 
consisting of superposed film layers with at 

10 least two metallic elements insulated from 
each other for the supply of current 
respectively to a cathode and to an anode, 
wherein the cathode is formed by a 
substrate of porous ceramic*metal 

15 composite or cermet to which is applied 
directly or indirectlv a film of solid 
electrolyte constituted by a mixture of 
refractory oxides in solid solution, said film 
of electrolyte being in turn coated with a 

20 porous deposit constitutmg the anode, 
current drainage between the metallic 
elements and die cathode and the anode 
being obtained on each side of the solid 
electrol)rte by means of thickness of a 

25 conductive sponge. 

2. An electrolytic cell according to claim 

1, wherein the mixture of refractory oxides 
of the solid electrolye is formed by 
dissolving a substance selected from 

30 calcium oxide, yttrium oxide, cerium oxide 
or a rare-earth oxide in zirconium dioxide^ 

3. An electrolvtic cell according to claun 

2, wherein the mixture of oxides 
corresponds to the formula 



35 



IxZrOa, (1--X) CaO], 



4; An elertro^^ 
I, wherein the porous substrate of the 
cathode is constituted by a refractory 

40 support block having a compartmented 
structure in which the compartments are 
delimited by substantially prismatic internal 
spaces of elongated s&pe which extend 
through the structure, tne walls of said 

45 compartments being coated with a film of 
conductive metal having a constant 
thickness. 

5. An electrolytic cell according to claim 
4, wherein the support block has a 

50 honeycomb structure, and the honeycomb 
compartments have a cross^ection which is 
hexagonal, square or of any other desired 
shape. 

6. An electrolytic cell according to claim 
55 4, wherein the walls of the support block 

compartments are provided mth a coating 
of nickel. 

7. An electrolytic cell according to clahn 
6, wherein the nickel coating has a 

60 thickness of about 0.1 mm. 

8. An electrolytic cell according to claim 
4, wherem the support block is in contact 



with the solid electrolyte by means of a 
coating of porous metal which seals-off the 
ends of the compartments. 65 

9. An electrolytic cell according to claim 
8, wherein the coating is formed of porous 
nickel having a thickness of 0.5 to I mm. 

10. An electrolytic cell according to 
claim 8, wherein me connection between 70 
the solid electrolyte and the coating of the 
wall of the compartments is formed by a 
fine-mesh wire fabric element placed 
against a contact face of the support block 

and embedded hi the coating of porous 75 
metal. 

11. An electrolvtic cell accordrng to 
claim 4, wherem the support block of the 
cathode is formed of refractory material of 

the type consisting of stabilized zirconium 80 
oxide, magnesium aluminate (spinel) or 
natural aluminum silicate (mullite) and has 
a thickness of 3 to 5 mm. 

12. An electrolytic cell according to 
claim 1 , wherein the porous material of the 85 
cathode is constituted by the same oxide 
mixture as the electrol3rte with addition of 
nickel. 

13. An electrolytic cell according to 
claim 1. wherein the porous deposit of the 90 
anode is constituted by the same oxide 
mixture as the electrol;^ with addition of a 
substance selected from stannic oxide, 
indium oxide and antimony oxide. 

14. An electrolytic cell according to 95 
chdm 1, wherein the porous deposit of the 
anode is constituted by a layer of silicon 
carbide^ 

is. An electrolytic cell according to 

elA^-ijfck^ 1^ 

•cdiitfSaS^^liffiBK^ 

platinum; palladium or rudienium. 

16. An electrolytic cell according to 
claim 1, wherein the porous deposit of the 
anode is constituted by a mixture of 105 
zirconium oxide and calcium oxide 
containing a metal oxide selected from 
mdium and antimony oxides, said metal 
oxide being doped with stannic oxide. 

17. An electrolytic cell according to MO 
claim 1, wherein the conductive sponge is 
formed by means of an interlaced assembly 

of resilient wires. 

18. An electrolvtic cell according to 
claim 1, wherein the material constituting I (5 
the conductive sponge is of refractory steel, 

19. An electrolytic cell according to 
claim 1, wherein the material constituting 
the conductive sponge is a refractory alloy 
haidng a base of at least one metal selected 1 20 
from nickel» chromium, and molybdenum. 

20. An electrolytic cell according to 
claim 1 , wherein the conductive sponge is 
formed of composite fibers of carbon 
and/or silicon carbide. 125 

21. An electrolytic cell according to 
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claim 1, wherein the conductive sponge is 
formed of molybdenum siiicide. 

22. An electrolytic cell according to 
claim 1^ wherein said cell has a geometry of 
revolution in the form of a dove finger 
which is closed at one end anois provided 
from the axis towards the periphery with an 
open central metallic tube which serves to 
supply current to the cathode ami through 
which in use is introduced the steam to be 
electrolysed, a first thickness of metallic 
sponge placed aeainst the external surface 
of the central tuoe and extending beneath 

, the extremity of said tube, an inner glove 
finger of porous cermet constituting the 
catnode one face of which is applied against 
the first thickness of metallic sponge and 
the oiroosite face of which is coated with a 
film or solid electrolyte, said Him being in 
turn coated externally with a porous deposit 
which constitutes the anode, a second 
thickness of metallic sponge applied against 
the anode and finally an outer metallic 
casiz^ tube in the form of a g^ove finger for 
supplying current to the anode. 

23. An electrolytic cell according to 
claim 22, wherein the space formed 
between the central tube and the outer 
casing tube is divided into two 
compartments by means of a coaxial collar 
having two parallel shouldwed portions 
rigidly fixed respectively to two flanges 
formed on the tube and the casing mth 
interposition of a seal, said collar being 
such as to form an extension of the inner 
glove finger of porous cermet which forms 
the cathode by means of a metalUc beU^ 

for^lhii^dllc^^ 

produced by electrolysis of the steam. 

24. An electrolytic cell according to 
claim 23, wherein the central tube is 
associated at the open end thereof within 
the cell with a spacer member of refractoiy 
material for centering said tube with 
respect to the glove finger of porous 
cermet. 



25. An ^ectrolytic cell according to 
claim 1, wherein said cell comprises a stack 50 
of unitary cells mounted between two 
parallel metallic current-supply plates and 
each unitary cell comprises successively a 
first thickness of metallic sponge, a porous 
film liQ^er constituting the cathode in 55 
contact mih a film of electrolyte which is in 
turn coated with a porous deposit forming 

the anode, a second thickness of metallic 
sponge and a conductive plate, die lateral 
spaces located on each side of the cathode 60 
and of the anode being so arranged as to 
constitute on one side a collector for 
supplying the steam and on the other side 
discharge collectors for the hydrogen and 
the oxygen produced. ^5 

26. An dectrol^c cell according to 
claim 25, wherem the collectors are 
insulated at the level of the porous layer by 
means of an annular insulating plate and an 
annular metallic conductive plate, said 70 
conducting plate being connected to the 
cathode by means of a metallic bellows 
seal. 

27. An electrolytic cell according to 
claim 4 and claim 25, wherein the porous 75 
support block of the cathode has a recessed 
central zone and solid non-porous 
peripheral zone which directly ensures 
leak-tightness of the cell collectors. 

28. An electrolytic cell according to 80 
claim 4, wherein the oxide mixture of the 
electrolyte layer is deposited on the porous 
support block of the cathode in a film 
having low resistivity such that at a current 
density up to 1 A/cm* the voltage drop 85 
acaros j^e ipp d li5Q mV and 

4>vnj|jBgm ■ 

•"•~l?;^=-^Sn-ili^^^ 

claim 1, substantially as hereinbefore 
described with reference to and as 90 
illustrated in the accompanying drawings. 

For the Applicants, 
F. J. CLEVELAND & CO., 
Chartered Patent Agents, 
40—43, Chancery Lane, 
London, W.CZ 
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